Double-lumen endobronchial tube placement is challenging. This study compared double-lumen tube placement with the Disposcope â , a wireless videostylet allowing real-time visualisation, with conventional blind placement. Patients undergoing elective thoracic surgery with normal airways requiring one-lung ventilation were randomly allocated into two groups (27 patients in each group). The Disposcope was used to assist left-sided double-lumen tube placement in one group, and conventional blind placement was performed in the control group. Placement in both groups was checked with fibreoptic bronchoscopy. The Disposcope-assisted group had a shorter total mean (SD) placement time (18.6 (2.5) s vs. 21.4 (2.9) s, p < 0.001), laryngoscopy to end of auscultation time (83.4 (3.0) s vs. 93.9 (5.7) s, p < 0.001) and total operation time (130.7 (6.1) s vs. 154.5 (6.3) s, p < 0.001). In the Disposcope-assisted group, the double-lumen tube was inserted in the correct side in all patients (100.0%), whereas in the conventional group, the double-lumen tube was placed in the correct side in 25 (92.6%) patients and in the wrong side in 2 (7.4%) patients; the difference was not significant (p = 0.150). In the Disposcope-assisted group, the double-lumen tube was inserted to the optimal depth in 24 (88.9%) patients, whereas in the conventional group it was inserted to the optimal depth in one (4.0%) patient. The Disposcope increased the success rate of double-lumen tube placement, and shortened the total operation time when compared with standard placement with confirmation using fibreoptic bronchoscopy, and may replace the conventional method.
Introduction
One-lung ventilation is required to facilitate many thoracic surgical procedures, such as pulmonary resections, oesophagectomy, thoracoscopy, and following trauma. Ventilation of only one lung is usually accomplished with the use of a double-lumen endobronchial tube [1] . Double-lumen tubes are produced in leftand right-sided designs, and correct placement is critical to ensure proper functioning and ventilation [1] . Placement of a double-lumen tube can be challenging, because the view through a laryngoscope is frequently obstructed by the tube itself, due to its fixed shape, large diameter and long length [2, 3] . The traditional approach to placement of a left-sided doublelumen tube is to place the tip of the tube through the larynx under direct vision, rotate the tube 90°coun-ter-clockwise and then blindly advance the tube into the left main stem bronchus to a depth of 27-29 cm, using the teeth as a reference [1] . This technique, however, is prone to error, because placement on the wrong side can occur, the tube is typically placed until resistance is felt, and the depth may therefore not be optimal. These drawbacks can result in loss of airway maintenance, with catastrophic results.
The advent of fibreoptic bronchoscopy has made the placement of double-lumen tubes more reliable [4, 5] . After the double-lumen tube has been placed into the trachea using direct laryngoscopy, the bronchoscope is inserted into the bronchial lumen (not the tracheal lumen) and then advanced to observe the left main bronchus, and the second carina. The double-lumen tube is then advanced over the bronchoscope until resistance is felt. The bronchoscope is then pulled out from the bronchial lumen, and re-inserted into the tracheal lumen to confirm the position. In summary, conventional double-lumen tube placement consists of several steps: place the double-lumen tube into the trachea; advance the double-lumen tube; confirmation by auscultation; and confirmation using fibreoptic bronchoscopy. The procedure is not without drawbacks, however. It is time consuming, requires an assistant, and although rare, placement into the wrong side can still occur.
In order to increase the success rate of doublelumen tube intubation, a number of devices have been developed, including lighted laryngoscopes and video devices to aid advancement past the vocal cords; however, these devices generally do not allow confirmation of correct placement in the bronchus [6] [7] [8] [9] [10] [11] [12] [13] [14] . Overall, the devices appear to improve the success rate of tracheal intubation in cases of difficult airways, but it is unclear if their routine use leads to improvements in outcomes.
The Disposcope â (Disposcope Medical Equipment
Co., Ltd., New Taipei City, Taiwan) is a malleable videostylet that is placed in the tracheal tube and allows real-time direct visualisation as the tube is placed [15] . It is the first wireless videostylet, and benefits include light weight, ease of use, no requirement for a cable connection to a light source, less interference with tracheal tube placement and the fact that the device can send the images to up to five monitors. A number of Chinese language studies have shown that the Disposcope can increase the success rate and shorten the time to intubation; however, these studies only examined placement of the tracheal tube past the vocal cords [16, 17] . There are only two English language studies of the device in the literature: one was a manikin study and one a clinical study; both examined difficult airways; and neither examined double-lumen tube intubation [18, 19] . The purpose of this prospective randomised study was to compare the placement of a double-lumen tube using the Disposcope with that of standard blind placement with fibreoptic bronchoscopy confirmation, in patients undergoing elective thoracic surgery who required one-lung ventilation.
Methods
This study was approved by the Institutional Review Board of Taipei Veterans General Hospital, and all patients provided informed consent for the study. Male or female ASA physical status 1-3 patients who were between 20 and 80 years of age, and who required double-lumen tubes (Mallincrodt, USA) to maintain pulmonary isolation during thoracic surgery were eligible for recruitment [20] .
Exclusion criteria were: emergency surgery; known history of difficult intubation or possible intubation difficulties (Mallampati class > 3, mouth opening < 2 cm, thyromental distance < 6 cm); body mass index (BMI) > 35 kg.m
À2
; unstable vital signs or requiring the use of vasopressors or inotropic agents; history of head, neck or throat surgery; and those who did not provide written informed consent. In addition, patients in whom tracheal intubation was judged to be difficult at the time of surgery were also not studied. The recruitment target was 60 patients [21] .
We randomly assigned patients to one of two groups using a random number table: a Disposcopeassisted double-lumen tube placement group; and a conventional blind method double-lumen tube placement group. Before enrolment, Mallampati score, degree of mouth opening and thyromental distance were measured on all patients to determine if they met the inclusion criteria.
We induced general anaesthesia in a standardised manner with propofol 2-3 mg.kg
À1
, fentanyl 3-5 lg.kg À1 and rocuronium 0.2 mg.kg
, after pre-oxygenation using 6 l.min À1 of oxygen for 5 min.
For the purposes of the study, we defined double-lumen tube intubation as intubation of the trachea with the double-lumen tube, and double-lumen tube placement (insertion) was defined as the whole procedure, including advancement into the left main stem bronchus. In the conventional placement group, we used a laryngoscope to directly view the oropharynx and vocal cords. After inserting the doublelumen tube into the trachea (through the glottis), the tube was rotated 70-90°counter-clockwise and advanced gently, until an appropriate depth was reached (usually stopping after resistance was felt). After completing insertion, correct placement was confirmed by auscultation and fibreoptic bronchoscopy, by an independent anaesthetist who was blinded to the method used to place the tube. This person performed any necessary adjustments, for instance checking whether the endobronchial tube was correctly placed and had entered the correct (left) bronchus, and that the blue balloon was located in the left bronchus at the distal side of the trachea carina (optimal depth and entrance to the left main bronchus). A video recording of the placement process and bronchoscope use was made in order to facilitate subsequent analysis.
Images of the assembly of the Disposcope and videostylet are shown in Fig. 1 . In the Disposcopeassisted group, the malleable videostylet was placed in the double-lumen tube tracheal lumen. We used a laryngoscope to directly view the vocal cords, and then inserted the double-lumen tube into the bronchus under direct real-time guidance provided by the Disposcope, viewed on a video monitor. Based on the images transmitted from the Disposcope, the tube was rotated 70-90°and gently advanced to an appropriate depth. Correct location of the endobronchial tube and blue balloon was then confirmed, completing doublelumen tube placement. The Disposcope stylet was removed, and correct placement was confirmed by auscultation and fibreoptic bronchoscopy, again by an independent anaesthetist who was blinded to the method used to place the tube. A video recording of the placement process was made in order to facilitate subsequent analysis. Images of Disposcope placement are shown in Figs. 2 and 3 . In both groups, we considered the procedure to be complete when the effectiveness of one-lung ventilation was confirmed. Procedure flow diagrams are shown in Fig. 4 .
Baseline characteristics and clinical data recorded included: age; sex; BMI; Cormack and Lehane grade; Mallampati class; lung ventilation; underlying disease; and the presence of a pulmonary malignancy. The primary outcome measure was the success rate at the first placement attempt. Secondary outcome measures included: change in heart rate after intubation; changes in systolic and diastolic blood pressure after intubation; SpO 2 ; total placement time; laryngoscopy to end of auscultation time; total fibreoptic bronchoscopy time; total operation time (total time required for tube insertion and placement confirmation); placement outcome (correct or wrong side); and fibreoptic bronchoscopy outcome (optimal or beyond appropriate depth). The outcome of placement and the optimal depth was determined by the independent anaesthetist who examined the patient after tube placement, and who was blinded to subject allocation. In addition, a separate analysis was done for patients with a Mallampati score of 1-2. We also recorded any complications, and saw all patients two days after surgery, to determine if there were any adverse outcomes.
We tested continuous variables using independent two-sample t-test. Non-normally distributed data were tested using the Mann-Whitney U-test. Categorical data were tested using the chi-squared test. When 20% of cells had expected values < 5, we used Fisher's exact test instead. We considered p < 0.05 to be statistically significant. All statistical analyses were two-sided, and performed using SPSS statistical software version 22.0 (IBM Corp., Armonk, NY, USA).
Results
We enrolled a total of 54 patients in to the study; 27 were randomly assigned to the Disposcope-assisted group and 27 to the conventional blind method group. The two groups were comparable in age, sex distribution, BMI, Cormack-Lehane grade, Mallampati class, comorbidities, the presence of pulmonary malignancy, changes in heart rate and blood pressure, and SpO 2 level (Table 1) .
Outcomes are summarised in Table 2 . The Disposcope-assisted group had a shorter total placement time, laryngoscopy to end of auscultation time, total fibreoptic bronchoscopy time, and total operation time, as compared with the conventional placement group. The double-lumen tube was inserted in the correct side (left main bronchus) in all patients in the Disposcope-assisted group (success rate 100%, 95%CI 100.0%-100.0%), and in the conventional group the tube was inserted in the correct side in 25 patients and in the wrong side in two patients (success rate 92.6%, 95%CI 82.7%-100.0%); the difference between the two groups did not reach statistical significance (p = 0.150). In the Disposcopeassisted group, the double-lumen tube was inserted to the optimal depth in 24 (88.9%) cases, and in the conventional group was inserted to the optimal depth in one (4.0%) patient; in the Disposcopeassisted group, the double-lumen tube was inserted beyond the appropriate depth in three (11.1%) patients, and in the conventional group it was inserted beyond the appropriate depth in 24 (96.0%) patients (p < 0.001).
The differences in laryngoscopy time, doublelumen tube insertion time and total placement time between patients with a Mallampati score of 1-2 were also examined. Although the double-lumen tube placement time in the two groups of patients was similar, the time from laryngoscopy to the end of auscultation and the total placement time were higher in patients 
Discussion
This was the first study to examine the usefulness of the Disposcope for double-lumen endobronchial tube placement in patients with uncompromised airways undergoing elective thoracic surgery that required onelung ventilation. The results showed that, when compared with the standard method of blind doublelumen tube placement and confirmation of placement with fibreoptic bronchoscopy, the use of the Disposcope increased the success rate and accuracy of double-lumen tube placement. Use of the Disposcope was also associated with a shorter total placement time, laryngoscopy to end of auscultation time, total fibreoptic bronchoscopy time and total operation time.
Double-lumen tubes are typically placed blindly, or with the use of fibreoptic bronchoscopy. Blind placement, especially in patients with difficult airways, is prone to failure, and while fibreoptic bronchoscopy is commonly used, it increases the procedure time Process flow diagram and definitions of terms. Laryngoscopy time, time from laryngoscope insertion to stopping in front of glottis; total placement time, time from starting to finishing double-lumen tube insertion; Total operation time, time from laryngoscope insertion to the time when double-lumen tube insertion was completed; laryngoscopy to end of auscultation time, time from laryngoscope insertion to finishing bilateral lung auscultation; total fibreoptic bronchoscopy time, time from initiating ventilation and preparing for fibreoptic bronchoscopy, to the end of bronchoscopy; and total operational time, laryngoscopy to end of auscultation time plus total fibreoptic bronchoscopy time, plus 10-15 s error due to unclasping the clamp and initiating and adjusting ventilation. and typically requires an assistant [4, 5] . Many devices, including lighted stylets and video instruments, have been developed to increase the success rate of double-lumen tube placement, principally by aiding passage of the tube through the vocal cords [6] [7] [8] [9] [10] [11] [12] [13] [14] . Most of these devices, however, do not allow confirmation of placement in the bronchus. Studies of various types of videostylets have generally shown that their use results in a higher rate of successful placement at the first attempt, and/or a shorter time for completion of the procedure [10] [11] [12] [13] [14] . For example, the Trachway â (Biotronic Instrument Enterprise
Ltd., Tai-Chung, Taiwan) is a videostylet, and a randomised study that compared left endobronchial intubation with a double-lumen tube using direct laryngoscopy with intubation using the Trachway videostylet found that intubation was slower with direct laryngoscopy, and resulted in more hoarseness than when the videostylet was used [11] . The Disposcope is the first wireless videostylet, and benefits include light weight, ease of use, no requirement for a cable connection to a light source, and less interference with double-lumen tube placement; the device can send the image to up to five monitors [15] . In the current study, use of the Disposcope was associated with a high success rate and accuracy of double-lumen tube placement. The reason for the high success rate and accuracy is that each step of double-lumen tube placement can be viewed in real-time, and adjustments can be made as the double-lumen tube is inserted (e.g. it can be rotated to the precise position necessary, and the depth can be directly observed during placement). The high success rate and accuracy suggest that confirmation of double-lumen tube placement using fibreoptic bronchoscopy is not necessary when the Disposcope is used, which can reduce both the overall surgical cost, as bronchoscopy is an expensive procedure, and also the procedure time for double-lumen tube placement.
Although Chinese language studies have shown that the Disposcope can increase the success rate of intubation and decrease intubation time [16, 17] , only two English language studies have been published, and neither examined double-lumen tube intubation. In a manikin study, Park et al. [18] compared tracheal intubation using the Disposcope with a Macintosh laryngoscope in patients with cervical spine immobilisation by a semi-rigid neck collar. Sixty-eight medical interns participated in the study. The mean (SD) time to view the vocal cords was significantly shorter using the Disposcope (10.0 (7.0) vs. 20.8 (18.9) s; p < 0.0001); more interns achieved successful [19] compared tracheal intubation using the Disposcope with a Macintosh laryngoscope in patients in whom it was difficult to view the glottis. Use of the Disposcope was associated with more stable haemodynamics, shorter placement time, higher successful first intubation rate and a lower rate of postoperative sore throat. In a randomised, controlled study similar to ours, Yang et al. [10] compared double-lumen tube intubation using the OptiScope â (Clarus Medical, Minneapolis, MN, USA), a rigid videostylet, with a Macintosh laryngoscope. The study included 397 patients and found that intubation time was faster with the OptiScope (15 s vs. 18 s, p = 0.01). The success rate of the first intubation was higher with the OptiScope than with the Macintosh (89.9% vs. 80.4%, p = 0.036), although the overall success rates of the three instruments were similar. In addition, the need for external laryngeal manipulation and the rate of oral mucosal or dental injury were significantly lower with the OptiScope. The VivaSight â (ET view Ltd, Misgav, Israel) is a videostylet with some similarities to the Disposcope [13] . A randomised trial comparing double-lumen tube placement using the VivaSight with the standard blind method showed that the VivaSight resulted in faster insertion and improved initial positioning, as well as facilitating repositioning when necessary [13] . However, there are some significant differences between the Disposcope and the VivaSight. The camera of the VivaSight is fixed in the double-lumen tube, not movable, and is only used once, whereas the Disposcope camera is reusable as it is only temporarily placed in the double-lumen tube, and can be rotated to adjust the direction of view after placement. With the VivaSight, if blood or sputum obstructs the view, the double-lumen tube has to be removed for cleaning because the VivaSight is attached to the tube, whereas with the Disposcope, the camera can be pulled out of the tube, cleaned and re-inserted without having to remove the double-lumen tube. Other differences are that the VivaSight uses a wired connection while the Disposcope is wireless, and the overall cost of the Disposcope is lower because it is re-usable, whereas the VivaSight is only used once. Although this study was a randomised trial, there are some limitations that should be considered. The number of patients was relatively small, and the enrolment target of 60 patients was not met [22] . Thus, the study is underpowered. In addition, the study was conducted at a single centre. We did not study the success rates of anaesthetists with different levels of experience, nor did we study patients with difficult airways, or those requiring urgent or emergency surgery. Real-time observation of double-lumen tube placement using the Disposcope wireless video stylet increased the success rate of double-lumen tube placement, and shortened the operation time, when compared with the conventional technique of blind placement and confirmation using fibreoptic bronchoscopy, in patients with uncompromised airways undergoing elective thoracic surgery that required one-lung ventilation. Because of the high success rate and accuracy of tube placement, use of the Disposcope may replace the conventional method of double-lumen tube placement, and eliminate the need for confirmation using fibreoptic bronchoscopy. 
